Abstracti Vascular inju~may result from both trauma and medical prmedures involving cannulation of blood vessels. We used high-intensity focused ultrasound (~) to wlude surgically-exposed blood vessels of anesthetized rabbits, as a step towards development of a mechanism of hemostasis applicable to vascular injury. A H~transducer, with a sphericallycurved aperture area of 6,34 cmz, focal length of 4 cm, and frequeney of 3.3 MHz was used, me transducer was equipped with a conical housing filled with water, provided a coupling medium to the vessels. Femoral arteries and veins were~luded after H~treatment in the range of 30-120 seconds, at a faal intensity of 3000 W/cm*. The vessels were severed after the treatment to mnfirm complete mlusion.
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No bleeding was observed. Goss and mierosmpic examination of the vessels revealed two major mechanisms of occlusion, dissection of the vessel wall and shrinkage of the vessel lumen. h the dissection mechanism, a flap of the inner wall of the vessel, peeled as a result of HfFU treatment and caused a blmkage of the bld flow, while in the shrinkage mechanism a mechanical constriction of the vessel lumen caused the blwkage.~may provide a valuable method for hemostasis of injured vessels by treating a region of the blood vessel, proximal to the hemorrhaging site.
Hemostasis is a major problem in medicine, especially in trauma. Bleeding to death can occur in a short time if large blood vessels are severed. Acoustics can offer a valuable tml of producing hemostasis of internal bleeding, because it w penetrate the tissue to reach deep regions of the body where the bleeding is originating from. Such hemostasis would be possible by delivering a high dose of ultrasound energy to raise the temperature of the region, resulting in coagulating blood, cauterizing the tissue, and prducing hemostasis, The high dose of ultrasound energy can easily be achieved using high intensity focused ultrasound -.
Recently, we used~to arrest the bleeding of surgical incisions made in rabbit Iiverl. Hemostasis was achieved within 1-2 minutes of~U application. The mechanism of hemostasis was found to be a swuctural collapse of the blood vessels, brought about by coagualtive necrosis of the liver tissue. In pursuing to develop a method of hemostasis using ultrasound we experimented on occlusion of major blood vessels using~.
he~transducer had a frequency of 3.3 MHz, an aperture of 6.34 cm2, and was spherically curved to prtiuce a focus at 4 cm. The transducer was operated in continuous mode, producing an acoustic power of 65 Watts by applying 300 peak-to-@ volts to the transducer matching network. The power measurements were done with an absorber-type radiation force balance (Sonic Concepts, Woodinville, WA). me half-maximum beam width and length, 1 mm and 10 mm respectively, were measured using a target reflection measurement in a water tank. The spatial peak intensity at the focus, defined as the acoustic power divided by the cross sectional area of the focal spot, was approximately 3000 W/cm2 at the focus, for an acoustic power of 65 Watts. The transducer was equipped with a conid housing, made of clear plastic, with a height of 35 mm and a tip opening of 10 mm (Fig, 1A) . The conical housing was filled with water, and the tip was covered with a polyurethane membrane. The cone geometry allowed the focal spot, defined by the half maximum beam length, to k just outside the tip.~treatment was applied when the tip of the cone was placed on top of a vessel of interest. The vessel was covered with a thin coat of acoustic gel for enhanced acoustic transmission.
Three male New Zalartd rabbits (3-4 kg), and two mde domestic pigs (30-40 kg) were used. All experiments were performed with the approval of the University of Washington Animal Care Committee, The animals were anesthetized using a Ketamin~ylazine, 8:1 ratio, at a dose of 3.5-4 cc, A tracherd tube was introduced, and the anirnds were kept under anesthesia using Halotharte, with assisted positive pressure ventilation. The femoral arteries and veins of both legs were exposed surgically,~was applied by placing the conical applicator on the vessel, A total of 24 trials were performed, 13 on tie 2 pigs, and 11 on the 3 rabbits. Figure lB shows the femoral artery and vein of a rabbit after~FU treatment. Both vessels were completely occluded. 4 trials on the femoral artery of me pig, and 1 trail on tie femoral vein of the rabbit ended witi partial wclusion of the vessels, The~U power used was in the range of 150-400 Vpp at tie output of the amplifier, equivalent to 80-250 W at fie output of the amplifier. rabbits and pigs were occluded after WFU application in the rang of 30-120 seconds. In general it appears that a shorter HFU application time is required to occlude veins as compared to tie arteries. The time ranges for both arteries and veins are reasonable times for a medicd trauma application. An acoustic hemostasis devim, capable of extracorporeal~FU application will provide a valuable methti for military and civilian emergency medicine.
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